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, ; ABSTRACT
i ]
A temperature-dencitive mutant derivea from eastern equine encephalitis
: (EEE) virus was found to induce the synthesis of a large amount of viral
S “RNA {n infected chick embryo (CE) cells. The mutant, designated Ets-4,
o - synthesized two to four times more RNA than did the parent; however, its
L zfeldggf_yuture virus was 0.5 to L 0 log,, units less than that of EEE

e “reduced the “amount of RNA ayntheaized by Ets<4 to a level that approximated
S thlt of EEE -alone. -Etg-4 vitus was .apparently Jefective with reapect to
- | the control mechsnisms involved in RNA mynthesis, and the appearance of
‘“1&tge amounts of viral RKA of reduced blological activity was the result
. 4 e “PErthis-loss-of ‘control.. The presence of EEE virus ir cells infected with
. TR : Ktn-4 Eppcated to proviﬂe the mechanism to limit the productlon of RNA by

e ”ﬁ, Tﬁa viral RRA polyunrala activity induced in CE cells infected with
Eta~4 virus vas higher than with the parent virus. The presence of EEE
infec

caes aoun time bafora or durtng ‘the b;nthesis of:viral BNA polymeérase,

It lppl&rod lik.iy that BEE: vitus -act$ upon Ets~4 RNA synthesis at
: ‘some point: betwean tha'panecration of the cell by the virus and the:
- aynthes{e of the. viral RRA polymerase.  EEZ or Ets-4-viral RNA ladeled
. with Bl-uridine was used tc infect CE cells, which at intervals after infec-
LT tion. wete. disruptad and the radfoactivity agsociated with the microsomal-
E;;;frnczion wis Aetérmined. - The radfoactivity Arising from Ets-4 RNA bacame
' ,Lallocin:ad}‘ft ,tho ctIlular microaomes in greater amounts than did that

'{E'to the mictotomal fraetion, Experiments are in progress to determine the
. #ffpet of EEE virus isfection- -upon-the binding of Ets-4 RNA to the micro-
,3aom&1_fractioﬂrcf CE calls,
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I. INTRODUCTION*

Several years ago we {solated a temperature-sensitive mutant of -eastern S
equine encephalitis (EEE) virus that exhibited an unusual amount of RRA AP
synthesis. The: properties of this virus have been described in two previous : ~ . & .-
reports, % The mutant virus, designated Ets-4, was found to induce, in. : i 5
infected chick embrve (CE) cells, the synthesis of two to four times more

viral R¥A thsit the parent; but the yleld of matufe virus was generally _
0.5 o 1.0 log,, less. Three types of viral RRA were detected for ovoth the ~
parent and the mutant viruses. the 4535 infecticvs RNA, a 275 or intériacént
RBA, and the double—atranded 20S,RNA;,howéuéx,-;he¢§m99ﬁ§,9£;§3¢h BNA eype
made by Ets-4 was substantially greater. The 458 infectious- RNA -made by . ...
Ets-4 was calculated to have one-tenth the specific infectivity of BEE =
virus, On the basis of these data it was concluded that the Etg~4 mutant
was defective with respect to the control mechanisms involved fn its RNA
synthegis in that it produced excessive amounts of viral. RNA»of reduced
biological activity. -

This report deacribes our &fforts to deterdiine "the nature of the -- - -----
control mechanisms invelved in the RNA synthesis of the mutant and the_r;
parent viruses.

‘Il. RESULTS

We can consider the unusual amount of RNA syntheslied by Ets-4 as
indicating a 1loss of control by the mutant of its own RNA synthesis.
The perent virus may poseess a _mechanism that Iimits the production-of =
viral RNA. If this {s true, then it may be possible to restore-concrol
ol RNA synthesis to normal levels by superinfecting CE cells already
infectad with Ets-4 virus with EEE virus. The expérimental results we

obtained are shown {n Figure 1,

The sedimentation pattern of RNA extracted from CE cells infected
simultanecusly with EEE and Ets-4 {s shown in Figure 1, The wmultiplicity
of infection for both viruses was adiusted to 10 pfu/cell. The viruses

* This report should not be used as a literature citati{on in material to be
published in the open literature. Raaders interested in referencing the
information contained herein should contact the senior author to asgcertain
when and where it may appear in citable form,

*% Zebovitz, E.; Brown, A. January 1968, Pattern of viral RNA synthesis
in a temperature-sensicive mutant of eastern equine encephalitis virus,
{Technical Manurcript 432). Virus and Rickettsia Dlvision, Fort Detrick, i
Frederick, Maryland. :
Zebovite, E,; Brown, A. February 1969. Control of RNA symthesis in B
eagtern equine encephalitis viruses, (Technical Manuscript 306)., Virus
and Rickettsia Division, Fort Detrick, Fredarick, Maryland.
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FIGURE 1, Bffact of Doubla Infectiom of Chick Embryo Calls
vith EXY and Bts~4 Viruses Upon the Viral RMA Sed{mentation
in Sucrcse Gradients.
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“rapidly. The polymerase activity was determined within .} day. . The. ... - =

were aliowed to replicate together for 6 hours at 37 C. The upper curve

18 the sedimentation pattern of RNA synthesized by CE cells {nfected with

Ets-4 virus alone. The lower curve is that of EEE 1irus alone. The RNA

pattern of the doubly infected cells {s the middle curve, The sedimentation -
pattern of RNa extracted from doubly infected cells was similar to those

observed for singly infected culturec, but the amount of RNA made in theése -
cells approximated that of EEE virus grown alona. -These data indiciate that

Eta-4 RNA synthesis was strongly in‘lJenced b) the‘ggesencg cf EEEARLIHE
growing iu-the same T P

The time of superinfection with EFF yiris was {mportant (#ig. ). = =
EEE virus could reduca E€s-4 RNA synchesis to normal levels Lf it was B
added up to 1 hour after. infection with Ets-b,-but 1f tt-wis addedat
2 hours or later, it could not lower the amount of Ets-4 RN. syncheuized
These results suggest that EEE virus could influence RNA synthesis of L
Etg-4 virus only during the early stages of Ets-4 infection of CE calls.”

To cqmpare further thc RRA Synthesis of EEE and Eta-a vituaea,
viral RNA polymerase tnduced in infected cells by both virusss was scudiad.
1f -the-viral-RNA- poiynerase of Ets<4 {s responsible for the formation of
excessive amounts of viral RNA, then it is possible Tthat EEE‘may in . .some
way- tnfjuence-the uynnhesiﬂ or” act ivity of the enzyme.” The effealr”
double infection -of CE cells upon viral RNA polymerase’ éét&vity waa'dattr
mlned next,

CE cella were "{nrected’ with ‘each virus singly or simnlaaneously and - f;£;;=.~

nl and incubated at "37 €. "At 2-hour intervals the cells. £r0m flve GO-mm e
plates were -washad and’ pooled, peTisted’ by centrifugation, and,‘rozen :

cellular microuomal fraction used as the enzyme source {n the polvmarasa
test wag obtained by lysing the cells in a hypotonic salt solurfon and:
sUbfecting the suspension to ten strokes with a Dounce homogenizer.*

The cell dabris was removed by centrifugation at 600 x g aud thé microsomal.
fraction was sedimonted from the supernatant cell extract by: cencrifugation
at 10,000 x g for 10 minites. The microsomal pellet was assayed immadlntely
for virnl RNA polymerase activity. A reactfon mixturé containing tritiated
guanosine triphesphate, the other unlabeled nucleotide bases, and actinomycin e
D was incubatad with the cellular microsomal fraction for 1 hour at 37 GC» 1 -
The acid-precipitable radicactivity was determined by a maethod described .

by Plagemann, %

* Kontes Glass Co,, Vineland, N.J. E
wi Plagemann, P.G.W, 1968, Reveraible inhipition of induction of
mengovirus RNA polymerase and of virus maturatfion in Novikoff rat
hepatoma cells by phenethyl alcohol. Virolegy 34:319-330.
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" it seems reasonable to Assume that EEE virus must exert its influcncc

“labeled viral RRA., The virus was labéled by growing {t for 18 hours on o
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The rate of increase of viral RKA polymerase activity in cells infected
singly with EEE or Ets-4 and cells doubly infected with both EEE and Ets-4
is shown in FPigure 3. The lower curve (control) represents the endogenous
polymerase activity in uninfected CE cells, The low level of activity of .
the control cells demonstrates that the observed RNA polymerase activity
in the {nfectad cells «4as specifically induced by the presemce of virus ie -
these cells. In this experiment the RNA polymerase activity of cells
infected with Ets-4 virus alone had approximately four times the RNA
polymerase dctlivity afreér 8 Hours' growth Than that for EEE Alone., The T . -
enzyme activity of cells {nfected simultanecusly with EEE and Zts-QAvtrusea -
was- narkedly depressed . and approached that of EEE aloae

i
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It 1e dleay from this ‘sxper{ment thaf the presence of ‘BRE virus® vith
Eta-4 {n some manner affects the synthesis or the activity of viral RNA
polymerase. Earlier experiments showed that EEE influenced Ete-4 RNA
synthesis only if it was present during the firat hour of infection;-
indi{cating that EEE must act very early in the infection. If the activity
of Ets~4 RNA polymerase is already affected by BEE viruvs (?1g. 3y, then

before the synthesis of viral RNA polymer~se. . Bacause RRA polymerase is.
believed to be the very firat protein synthesized in a virus infeectton, -
then 1f owst. be considered 1ikely that che efféet Of EFE-virus. o EtsﬂE"”
synthesis occurs before the initiation of pzo:ein synthesis, and thar a
component of the virus particle, either protein or RNA, may he involved;

-Detai led inveatigations of- the—atepe {nvolved between- the encry of the~~" . Tuk
virus particle into ‘the ¢&1l and the synthesis of viral RRA~are ia" progxess. BRI
One approach ro this problem was to determine the fate of the- Incaming T
viral RRA after infection of ¢ells with purifiéd virds conCaining”

CE cgllc overlaid with a serum-free malnténance meditim conraining 5 pe
of H”-uridine per ml. The virus was harvested from the cuiture fluids ,
by centrifugation and Further purified by banding ina sucrose gradient. ~—— 7~~~
The acid-precipitable radioactivity of the purified virus preparaticuns y
were determined and adjusted by dilutlon to approxigately the same  level 7.7 -
of radioactivicy, The diluted purified virus suspension served as the o
virua inoculum, ; ! :

One-tenth m) of radioactive virus {ncculum was used to infect CE cell
monolayers in &0-mmm plates. The virus was allowed to adsorb at & C for
30 minutes, the overlayers were then overlaid with maintenance med{um
containing actinomycin D and {incubated at 37 C. At 2-hour intervals,
samples of five plates each were removed from the incubator and processed
to obtain the cellular microsomal fraction {n the same manner described
for the RNA polymerase assay. The microsomes were washed twice in a tris
buffer and dissolved in 0.5 ml Triton X-100; then the radiocactivity was
determined in a liquid scintillation spectrometer.
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Pigure 4 shows a comparison of the radicactivity sssocisted with the
microsomal fraction after infection of CE cells with radiocactive EEE and
Etg-4 RNA, Because H--uridine was used to label the virus, it was assumed
that most of che label was incorporated into the viral RNA. The radicactivity’
that became assoclated with tho micresomal fractiom is believed tu be virsi
RNA that entered the cell in the {ntact virus particle; when tha virus .
protein coat was removed, the RNA became agssciated with the micromomal , i
fraction. . If thogw assumptions are correct; then te appears that Byg~t—— . o
RMA tends to bind to the microsomal fraction in larger amounts than that . . = . |~
of EEE virusa. The titer of ZEE virus incculum was greater thar that of
Eta=4, yet the amount of radicactivity ftxed to the Ticrosumes wxrim
The binding of viral RNA was not tiuhibited in the presence of the. protain
inhibitor cycloheximide, which indicates that thl bincﬂ.ng c&n oecur. in o
the absence of protein aynthesis.

These resulty show that there s a differance in the clptcity of EBK
and Bte=4 virsl RHA to bind to the microsomal fraction, Erd=4" -appears
to be bound more afficiently, and this proparty of Ers<d nay’ accannt for
the synthesis of large amounts of viral RNA.

- The role of EEE wvirus in. lowering. thc rate. Uf Eta-4: m &ynt:huais 1! TTIETLIL
not yet knuwn, but tt leema-likely ar this time that EEE vfxna OF “one ;f 3 ”,,_vﬁ,
its components may biotk the hinding 6f" Eta-& RNA \:o soma ropllcation T e
1Lte on thc microsomal fraction,

Th(u ltuﬂiu 134y bqing cantinued uith apacul enphuia on :hc EE RS R R
capacities of ZEE and Etw-4 RNA to bind to- the cellular microsomal- Erec:ion S L
_and on detcrmtning the lpecio& af RN - ulociatcd wtth thu micrcsms.M‘,::,:_,\;.;f: P
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trom CE Cells Infected with EEZ and Rta=4 Viruses with
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- he wtant; dutgna.nd E:s 45 xynt.hasixe& two- co fogr” tl.mgai aore’
ATk, 'bbnvn, its-yield- of mature virus waé o, 5 £0°1.0 logm unu:t
lcu than thag of ERE vtmt- RN

- S }unucu: 1nf4ction ofCL. cnla Uith _paTent. and munz riruuu rcdm:ad :h‘
emount of RUA - syn:hu‘.ud by Ets-4 to a level that approximsted: that of EER alone,

‘IRta~4 virus-was apparently ‘defectiv~y-with raspect-to-che control mechanfams involv-d . ¥

An-RNA symthests, and. the appeararce. of - large amounts of .viral RMA. of reduced- picloglca
setivity wan - ‘the result of .this loss of controi. The presencs of EEE virus-in cells

taa mutant tu notmal levals,

highrr than with the parent virus. The presence of EEE virus in Ets-4 - injected
celin, howeveyr, reduced the amount of RNA polymerase synthesized.. This cbservation
suggvaced that EEE must exert its influence at some time before o RHEE the synthests
of viral RNA polymarase,

it appeared likely that EEE virus acts upon Ets-4 RNA syncthasis at some point
batwssn the penetration of the call by the virus apnd the synthesis of the viral REA
pnlyoecasm.  ZBE or Ets-4 viral RNA labeled with BY-uridine was used to infect CE
cells, which at intervals after infection were disrupted and the radioactivity

assoclated with the microsomal fraction was detarmined. The radioactivity ariaing
from Eta~4 RNA became associated with the cellular microsomes in greater amounts than

infected with Ets-4 appeared £o provide the me -haninwm to 1imit the production of ERA b'y A

~“~The viral RN polymerase activity induced in CE cells {nfected with Bts-4 virus was|]
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¢id that of the parent virus, indicating that this RNA may bs bound more efficiently
to the microsomal fraction., Experiments are in progress to determine the effect of
EEE virus infection upon the binding of Ets-4 RNA to the microsomal fraction of CE
cella, . - -
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